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Distribution of Great Lakes Federal HISTORICAL GREAT LAKES

Navigation Structure by Structure Types FEDERAL HARBORS' O&M and
NAVIGATION STRUCTURE

EXPENDITURES BY FiSCAL YEAR
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O Laid-up
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(o]
B Rubblemound

$160

O Timber Cribs

(o)
28% $140

Millions

O Steel Sheetpile I

O TOTAL O&M PROGRAM

$120 EXPENDITURES
[ ] Other'Typ_es and [ NAVIGATION STRUCTURE
31% Combinations $100 EXPENDITURES
—— Overall O&M Expenditures
Trendline

$80 ~— Navigation Structures

Expenditures Trendline

Percent Length of Harbor Structures by Lake $60

£

Ontario

7 9% Superior

13.1%

ANNUAL EXPENDITURES
Adjusted for inflation (FY07 price leval)

$20

Erie Y2 3 5 3 8 8 8 8 2 &
FISCAL YEAR

Michigan
o - Approximately 104 miles of navigation structures

form the 117 Federal Harbors on the Great Lakes.
- Most structures were built between 1860 and 1940. 2
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Presentation Overview

- Great Lakes Regional Breakwater Assessment Team
- Completed and ongoing activities

- Future directions / needs
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Great Lakes Breakwater Assessment Team (BAT)
Established in FY2007

We are a regional team composed of members from LRB, LRE, and LRC,
and the GL Coastal RTS, and reporting to Linda Sorn, Chief of TSD, LRC

LRB —  Paul Bijhouwer, Civil Engineer, CELRB-TD-OT
Shanon Chader, Chief, Coastal and Geotechnical Section

LRC —  Tim Kroll — Civil Engineer, CELRC-TS-C-T

LRE -  Tom O’Bryan — Acting Chief, Lake Michigan Area Office
Chris Lindeman — Civil Engineer, LRE-ET
Tom Johnson — Civil Engineer, LRE-LK-K-C

Michael Mohr, GL Regional Technical Specialist for Coastal Engineering

The team’s primary mandate is to establish a consistent and technically
sound assessment process for the GL Region, to enable budgetary
decisions to be made in a manner that minimizes risk. 4
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BAT Partnerships:

The team leverages the knowledge of engineering specialists and
researchers within the Coastal Community of Practice.

Provide detailed expertise regarding navigation structure design, performance,
inspection, and condition rating.

Develop relationship between navigation structure condition and function.
Develop impacts to shipping industry due to changes in harbor wave climate.

Develop impacts to coastal communities due to storm damage and flooding
resulting from navigation structure failures.
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BAT Functions

Oversight of annual condition assessment inspections to ensure adequacy and
consistency.

Periodic performance of collective inspections.

Completion of Structure Index ratings in accordance with ERDC procedures
(REMR Guides).

Annual reevaluations of structural condition with respect to impact on harbor
operations.
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The Great Lakes BAT has completed the assessment
and ranking of an initial group of structures.

FY07/08 mandate was to collectively inspect the worst structures on the GL, as
preliminarily identified by the home Districts.

This effort focused on eight harbors which the team visited, and two additional
harbors for which continuous still photography and video were made available.

Inspections employed ERDC REMR condition assessment methodologies.

Team used a multi-factor ranking system (akin to an algorithm) to develop
consequences for use in setting repair work priorities.

Contract (major repair / rehab) work packages for inspected structures were
rated for the initial FY10 Great Lakes navigation budget submission.

In FY08/09, work packages executed by government fleet (routine maintenance
and repair) will be included.
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Condition assessment inspections examined all
navigation structure components.

Steel Sheet Pile Structures —
SSP walls, anchorages, cap, scour protection

Rubble Mound/Laid-Up Stone Structures —
Cross section, core stone, armor stone

Wood Crib/Concrete Cap Structures —
Crib material, concrete cap, scour protection

Other Elements —
Safety (railings, walking surfaces, etc.)
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Challenges with use of REMR Guides
Suitability to structure types

Cl = FI, which cannot be definitively determined within
the time and funding scope of an annual budgetary
asset management process

S| =Thrown away?

Draft revised REMR rating scale uses 1 — 6 vs. 0 — 100.
Averaging formulas need to be modified to account for
scale reversal.
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Table 6. Rating guidance for loss of armor interlock.

S Challenges with use of REMR

Rating HOTE: Interlock ratings based on Hudson Coefficient of at least 3.5.

No or Minor Damage

.
85 to 100 Loss of interlock is minimal. G u I d eS

7010 84 A few armor units may have lost contact with adjacent units by up to 1/4 of the
unit diameter.

Moderate Damage

e o merecn it e oo | REMR-OM-24 presents rating guidance based

55to B89 paratc-n rarely exceed Y= of the tdamet . Bridging o f nits may o
solated locations

Man'_.radjacentarmc;runitsareseparatedb*_.'upto/;cftheunrtd|arneter. Only On Written description- A Visual

Some armaer units are completely separated from adjacent units and are acting

ottt e e reference standard for inspections would

Major Damage

ese | Fonmor s sty e S e help remove some of the subjectivity of the

adjacent units commonly exceeds cne unit diameter.

40 to 54

10 to 24 Mot armor unite are loosely nested and are acting alone

Mearly all visible armor units are loossly nested and are a-c'ting alone. At this rati n g S y m aki n g th e m m O re p re C i Se "

| - Major Damage:
: Structural | Description Photo Example
o
Standards are needed 3 ST Vi e v T G
i I -.;.f".;'.,l"'ﬁ..‘.m':.'i’mm
for rating laid-up stone B afoct. There ey be iicant
with the 1oss of ndinddusl aomer

structures. stanes wifhin the reach.
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Challenges with use of

REMR Guides
Compatibility with Budget EC Risk
Matrix

S| Mappable to Probability /
Condition?

How do we get at Consequences?

High Relative Rizk
Med-High Relative Rizk

_ Medium Relative Risk

| Low Relative Risk
Minimal Felative Risk

EC 11-2-183
12 May D3

TABLE V-3 NAVIGATION RELATIVE RISK RANKING MATRIX

Ma‘::.

fr’/

Condition

Consequence

Probability/Condition Classification

Consequence/Economic Impact

F

Failed

11

D C B

Probably Probably
Inadequate Inadequate Adequate

14

13

12

A

Adequate |

15

11



Great Lakes
Navigation

Great Lakes Navigation Structures

Condition Assessment

Condition Lewvel

Table V-9

Mavigation Structures
Probability/Condition

Probability / Condition

GOOD A

Failure to the point navigation will ke meazurably impacied
iz unlikely within budget cycle
Froject fully accomgplizhing its intendsd purpoze

MODERATE | B

Low risk of failure to the point navigation will be
measurakly impacted within budget cycle

budget cycle

POOR C Medium rizk of failure to the point navigation will be
measurably impacted within budget cycle

FAILIMG O High rizk of failure to the point navigation will be
measurably impacted within budget cycle

FAILED F Condition seversly restricts or halts navigation within

12



Great Lakes

M, Navigation
=

Great Lakes Navigation Structures

Condition Assessment

Table V-10
Mavigation Structures
Consequence/Economic Impact

Consequence Consequence Description
Level
1 emonsirated highest economic impast’

mminent lifz safety impaci

ritical to safe nawigation by commercial vessels at High Use Mavigation
roject (=108 tons)

ritical to safe navigation at Dol Strategic Pors

2

emensirated High economic impact’

robable life safety impact.

robable impacts to subsistence harbors/harbors of refuge.

High economic loss (5 - 10 M Tons)

“robakle life safety impact

ternate modes of transporation exist for Energy Distribution Facifties, but at
higher cost than water bome transponaton

emonsirated Moderate economic impact’

ossible life safety impact

ossible impacts to subsistence harborstharbors of refuge.
opderate economic loss (1 - 5 M Tons)

“ossible Mfe safety impact

Low economic impact’ and no life safety impact. Litile impacts fo
ubsistence harborsiharbors of refuge.

oW economic impact (<1M Tons)

o life safety mpact

b egligible econemic and no life safety impact. Mo impacts to
ubsistence harborsiharbors of refuge.
egligible economics (Recreation Harbors, No commercial Actwity)

o life safety mpact

Thresholds and basis for economic impact are under development. One measure of economic
mpact can be demensirated using rate savings beneft. fransporiation cost savings, or damages
avoided.

=
S

[
(S’JUH 0 I!Eﬁim

13
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Given the inability to perform detailed analysis required to rigorously
determine consequences, an assessment was made using a weighted
ranking algorithm. Scores were then mapped to Budget EC
Consequence Levels

Ranking algorithm elements used four categories. Each category had
multiple valuation concepts and risk factors. The four categories and
examples of each are as follows:

Category 1 — Value of Harbor Node to Overall GLNS

3-year Average Annual Tonnage

Category 2 — Value of Harbor Node to Local Community
Value of Infrastructure Protected by Harbor, “Additional Harbor Missions" Rating

Category 3 — Significance of work package/harbor element to overall Harbor
Ranking of component to Harbor function, Additional Component Missions Rating

Category 4 — Project work package/harbor element performance measures
Condition Index, Comparative Rate of Degradation, Comparative Cost of Repair, Harbor Lake Level,

COE Hired Labor Forces Utilization
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Inspection and Rating Procedure

Field inspection consisted of complete viewing of all structures in a
harbor by boat, with collection of continuous still photography and video.
Walkover inspection of some structures was also done.

REMR forms were then completed by the BAT in the office, with
reference to field notes and the photographic and video record.

A work package justification package was then prepared for each
project, documenting the need for the work.

An example follows:

15
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Lorain Harbor, Ohio — Continuous Still Photography (stitched)

16
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Cleveland Harbor, Ohio — Oblique Aerial Phot

- _— S T
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Cleveland Harbor, Ohio - Project Map
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Cleveland Harbor, Ohio — Repair History

N
:.'_-.;:';'_v- o,
i
A —
vrn-pm = "
o
o — — \

AR
H
et i . o . - - |.
A i Ea- - -t

19



Great Lakes

S
M, Navigation Bnd

E AT e

d/ . " é«‘”“ﬁﬁﬁm
i Great Lakes Navigation Structures 7
Condition Assessment

Cleveland Harbor, Ohio — Structure Cross Sections
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Cleveland Harbor, Ohio — Damage Photos

STATION 84+00 — PREVIOUS REPAIR AT RIGHT SIDE OF PHOTO

Photo dated 27 Aug 2007
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Cleveland Harbor, Ohio - Damage Photos
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STATION 89+00
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Cleveland Harbor, Ohio — Damage Photos

STATION 94+00

Photo dated 27 Aug 2007
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Cleveland Harbor, Ohio — Damage Photos

STATION 98+35

Photo dated 27 Aug 2007
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Cleveland Harbor, Ohio — S| Rating Form
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Cleveland Harbor, Ohio — Summary Statistics

* Recommended Repair Reach:

* 834+00 — 94+00 (mimnimum) repair should extend to
old light block at 106+29
 Total Length of Repairs = 1000 to 2229 feet

* Recommended Repair Method: Rubble mound stone overlay

« Estimated Cost of Repairs = $2.5 -5.5M
e Structural Index = 5.8

26
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Future Directions and Needs

Supplemental Recon Study is incorporating a limited risk and economic analysis
of the Cleveland East Breakwater FY10 Work Package. The time, scope and
cost of this work exceeds what we can afford to do for every work package on an
annual basis. Simplified analysis techniques are needed to allow assessment of
structure function and linking to economic, life-safety, and environmental
consequences.

A standard spatially referenced database of pertinent structure data (inspection
records, photos, condition ratings, design and repair documentation, etc.) needs
to be developed, populated, and maintained. Google Earth Coastal Infrastructure
Database and National Levee Database can serve as useful models for this. By
regulation, this data should be housed in the District eGIS (enterprise Geographic
Information System).

27
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Future Directions and Needs

Need to assess the benefit of preventative maintenance and repair work

=
bl =2
e L A
DIvISHOn

packages. This requires definition of time dependent structure degradation
curves for “fix-as-fails” and “maintenance” scenarios. These will vary with

structure type.

90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

Annual Reliability

100% ~—

Coastal Structure Degradation Curve

10 20 30 40
Structure Age (yr)

50
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